Background: This meta-analysis was conducted to compare the effects and safety of teriparatide with risedronate in the treatment of osteoporosis.
Introduction
Osteoporosis is a worldwide disease associated with decreased bone strength and quality and increased risk for fracture. Approximately 20% of women in North America will experience a hip fracture in their lifetime. [1] For patients who were older than 55 years, the 1-year mortality rate was up to 39% if they had hip fractures; whereas, for the survivors, the frailty would decrease their life expectancy, reduce physical function, and impair quality of life. [2, 3] There are two major categories of pharmacological treatments that have been used for osteoporosis, including antiresorptive and bone anabolic medications. These osteoporosis medications could increase bone mineral density (BMD), reduce bone loss, and thereby reducing the risk of fractures. [4] Teriparatide is a bone-forming medication that preferentially stimulates osteoblasts to improve bone quality and reduce the risk of vertebral and nonvertebral fractures. [5] Two previous clinical trials have reported the effects of teriparatide in patients with prevalent vertebral fractures and preexisting back pain. [6, 7] Their results showed that the back pain had been significantly reduced after 6 months of teriparatide treatment, and this effect lasted through 24 months, [8] or 18 months of treatment. [9] Risedronate is a potent antiresorptive agent, which is used for the prevention and treatment of osteoporosis. It inhibits osteoclast activity and induces their apoptosis, thereby maintaining BMD and reducing the risk of fractures. [10] Although several studies [11] [12] [13] have compared the effects of teriparatide and risedronate on BMD in osteoporosis patients; no meta-analysis that compared the effects and safety of teriparatide versus risedronate has been performed. Therefore, we conducted this meta-analysis of randomized controlled trials (RCTs) of teriparatide versus risedronate to fully characterize the effect of the two drugs on changes in lumbar spine, femoral neck, and total hip BMD, incidences of vertebral and nonvertebral fractures, bone turnover markers, and adverse events in osteoporosis patients.
Materials and methods

Ethics approval and consent to participate
Since this study is a meta-analysis of previously published studies, ethics approval and informed consent are not applicable.
Search strategy and data source
This meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews and meta-analysis criteria. [14] Electronic databases, including PubMed, Web of Science, Embase, and Cochrane library were systematically searched until February 24, 2019, with no language restrictions. The following initial search items were used:("osteoporosis, postmenopausal" [MeSH terms] OR ("osteoporosis" [All fields] AND "postmenopausal" [All Fields]) OR "postmenopausal osteoporosis"[All Fields] OR "osteoporosis" [All Fields] OR "osteoporosis" [MeSH Terms]) AND ("teriparatide" [MeSH Terms] OR "teriparatide" [All Fields]) AND ("risedronic acid"[MeSH Terms] OR ("risedronic" [All Fields] AND "acid"[-All Fields]) OR "risedronic acid"[All Fields] OR "risedronate"[All Fields]). We also manually searched the references of related reviews and eligible studies until no potential studies were found. Discrepancies were resolved by discussion and consensus between the 2 investigators.
Study inclusion and exclusion criteria
The inclusion criterion for a study to be included in this metaanalysis was that it should meet the following inclusion criteria:
(1) Study design: RCT;
(2) Study subjects: adult osteoporosis patients;
(3) Study intervention: teriparatide or risedronate;
(4) Outcomes: percentage changes in lumbar spine, femoral neck, and total hip BMD, incidences of clinical fracture, new vertebral fracture, and non-vertebral fractures, biochemical markers of bone turnover, and adverse events.
We would contact the corresponding authors for missing information when necessary. Exclusion criteria included studies that published with any of the following type: reviews, case report, editorials, and letters; or studies that used other drugs for osteoporosis; or studies that were related with our topics but did not present data of our interest.
Data extraction and risk of bias assessment
Two independent investigators extracted the following information from the included studies: first author's name, year of publication, study design, number of patients in each group, patient characteristics (gender, age, race, weight, and body mass index ), and outcomes. In case that several articles from the same trial were published, we only included the study that had the most relevant information or the longest follow-up period.
We used the method recommended by Cochrane Collaboration to assess the risk of bias for RCTs. [15] This method consists of the following items to evaluate the risk bias: random sequence generation; allocation concealment; blinding of outcome participants and personnel; blinding of outcome assessment; incomplete outcome data; selective reporting and other bias. [15] Each study was regarded as "high", "low", or "unclear" risk of bias according to the criteria mentioned above.
Statistical analysis
For continuous variables (ie, percentage changes in lumbar spine, femoral neck, and total hip BMD), the mean value and standard deviation were extracted from the included studies. Thereafter, the weighted mean difference (WMD) with 95% confidence intervals (CIs) was calculated. For dichotomous variables (ie, incidences of clinical fracture, new vertebral fracture, and nonvertebral fractures, and adverse events), they were expressed as risk ratio (RR) with 95%CIs. Before the data were synthesized, Cochrane Q and I 2 statistic [16] were used to test the heterogeneity among the included studies, in which P < .1 or I 2 > 50% were considered to be significant. [16] A fixed-effect model [17] was employed for studies which showed no evidence of heterogeneity, while a random-effects model [18] was used for those with heterogeneity. We also conducted sensitivity to assess the stability of synthesis results and explore the sources of heterogeneity by removing every single study at 1 time. Subgroup analysis was performed based on the gender and treatment duration. Publication bias was evaluated using the Begg [19] and Egg [20] test. A P value less than .05 was judged as statistically significant except where a certain P-value had been given. All statistical analyses were performed using STATA version 12.0 (Stata Corporation, College Station, TX).
Results
Study selection
The diagram of meta-analysis search strategy and selection process is presented in Figure 1 . A total of 937 records were discovered in the electronic database, of which 582 were removed because of duplicate records. After checking for title/abstract review, 342 records were excluded because they were incompatible with our inclusion criteria. Then 13 studies were left for the full-text information screening. Of them, 6 studies were excluded because 4 [11] [12] [13] 21] did not provide outcomes of our interest, 1 was unrelated with our topics, [22] and 1 [23] was a duplicate article with another publication. Finally, seven studies [24] [25] [26] [27] [28] [29] [30] met the inclusion criteria and were included in this meta-analysis.
Study characteristics
The main characteristics of the included studies are presented in Table 1 . The total number of patients was 1949, and the sample size across studies ranged from 19 to 1360. All the included studies were RCT. Three of the included studies enrolled only post-menopausal women, [24] [25] [26] and 2 enrolled only men. [27, 29] The demographic and clinical characteristics of patients in each trial were well balanced. The mean age of patients was older than 50-years old. The treatment duration ranged from 12 months to 24 months in each trial.
Risk of bias of included studies
The details of risk bias are summarized in Figure 2 . Overall, 5 RCTs were considered as being at low risk of bias, [24, 26, [28] [29] [30] 1 at unclear risk of bias, [27] and 1 at high risk of bias. [25] The reason for the study [25] at high risk of bias was that blinding of participants and personnel, as well as the blinding of outcome assessment were not adequately performed. The reason for the study [27] at unclear risk of bias was that it did not describe the method for the blinding of participants and personnel.
BMD of lumbar spine
Five studies [24, 25, [27] [28] [29] reported the data of percentage change in lumbar spine BMD. Pooled estimate suggested that patients treated with teriparatide had a greater percentage change in lumbar spine BMD compared with those with risedronate (WMD = 4.24, 95%CI: 3.11, 5.36; P < .001) ( Fig. 3 ). There was significant heterogeneity among the included studies (I 2 = 99.0%, P < .001). Therefore, we conducted sensitivity analysis. When we excluded the trial with outlier, [27] the overall estimate did not change substantially (WMD = 3.47, 95%CI: 2.33, 4.61; P < .001), but the heterogeneity was still present (I 2 = 99.1%, P < .001). When we excluded the trial with small sample size, [29] the overall result changed slightly (WMD = 4.58, 95%CI: 3.24, 5.91; P < .001), but the heterogeneity did not disappear (I 2 = 85.3%, P < .001). When we further excluded any other single study, the overall estimate and heterogeneity did not change substantially (data not shown). Subgroup analysis stratified by treatment duration suggested that teriparatide was associated with a greater percentage change in lumbar spine BMD as compared with risedronate when it was administered for 6 months (WMD = 2.44, 95%CI: 2.26, 2.61; P < .001), 12 months (WMD = 3.76, 95%CI: 2.26, 5.25; P < .001), and 18 months (WMD = 5.74, 95%CI: 4.33, 7.14; P < .001) ( Fig. 3) .
Subgroup analysis stratified by gender indicated that teriparatide was associated with a greater percentage change in lumbar spine BMD than risedronate. And this significant difference was observed in both male (WMD = 4.96, 95%CI: 1.57, 8.36; P < .001) and female (WMD = 3.64, 95%CI: 0.53, 6.74; P < .001) patients. 
BMD of femoral neck
Two studies [28, 29] reported the data of percentage change in femoral neck BMD. The summarized result demonstrated that patients treated with teriparatide had a greater percentage change in femoral neck BMD compared with those with risedronate (WMD = 2.28, 95%CI: 1.39, 3.18; P < .001) (Fig. 4) . The test for heterogeneity showed that significant heterogeneity was observed among the included studies (I 2 = 98.1%, P < .001). however, because the number of included studies was small, we did not perform the sensitivity analysis. Subgroup analysis based on treatment duration showed that the percentage change in femoral neck BMD was significantly greater in teriparatide group than in risedronate group when the treatment lasted for 6 months (WMD = 2.37, 95%CI: 1.25, 3.50; P < .001), 12 months (WMD = 1.09, 95%CI: 0.67, 1.52; P < .001), or 18 months (WMD = 3.15, 95%CI: 2.95, 3.36; P < .001) ( Fig. 4 ).
BMD of total hip
Three studies [24, 28, 29] reported the data of percentage change in total hip BMD. The pooled result suggested that, patients treated with teriparatide had a greater percentage change in total hip BMD compared with those with risedronate (WMD = 1.19, 95%CI: 0.47, 1.91; P = .001) ( Fig. 5 ). There was significant heterogeneity among the included studies (I 2 = 98.8%, P < .001).
Subgroup analysis stratified by treatment duration suggested that percentage change in total hip BMD was significantly greater in teriparatide group than in risedronate group when the treatment lasted for 18 months (WMD = 1.60, 95%CI: 0.51, 2.68; P = .004), but not for 6 months (WMD = 0.81, 95%CI: -0.74, 2.36; P = .304) and 12 months (WMD = 0.93, 95%CI: -0.35, 2.20; P = .154) ( Fig. 5 ).
Incidence of clinical fracture, vertebral fracture, and non-vertebral fracture
Five studies [24, 26, [28] [29] [30] reported the data of vertebral and nonvertebral fractures. Pooled estimate indicated that patients treated with teriparatide had significantly lower incidences of clinical fracture (RR = 0.48, 95%CI: 0.32, 0.72; P < .001), new vertebral fracture (RR = 0.45, 95%CI: 0.32, 0.63; P < .001), and non-vertebral fracture (RR = 0.63, 95%CI: 0.40, 0.98; P = .042) ( Fig. 6 ). There was no evidence of heterogeneity among the included studies (I 2 = 0.0%, P = .992). 
Serum bone markers
Three studies [25, 27, 29] reported the data of serum bone markers. The serum P1NP, CTx, and ALP levels increased significantly in teriparatide group and decreased significantly in risedronate group. However, the iPTH significantly reduced in both teriparatide and risedronate groups. Pooled estimate showed that there was significant differences between the 2 groups in terms of the serum change in P1NP (WMD = 122.34, 95%CI: 68.89, 175.99; P < .001), CTx (WMD = 0.62, 95%CI: 0.29, 0.96; P < .001), and iPTH (WMD = -13.18, 95%CI: -15.04, -11.33; P < .001). But the serum ALP level was not significant difference between the 2 groups (WMD = 22.58, 95%CI: -1.53, 46.69; P = .066).
Adverse events
All the included studies [24] [25] [26] [27] [28] [29] [30] reported the data of adverse events. Pooled estimate showed that, there was no significant difference in incidence of adverse events between teriparatide and risedronate groups (RR = 0.93, 95%CI: 0.69, 1.25; P = .610).
The most frequently seen adverse events of teriparatide and risedronate were presented in Table 2 .
Discussion
To the best of our knowledge, this meta-analysis is the first to compare the effect and safety of teriparatide versus risedronate in the treatment of osteoporosis. The present meta-analysis from seven RCTs, provided relatively high level of evidence, showing that the percentage changes in lumbar spine, femoral neck, and total hip BMD were significantly greater in teriparatide group than in risedronate group. The incidences of clinical fracture, vertebral fracture, and non-vertebral fracture were significantly lower in teriparatide group than in the risedronate group. Moreover, teriparatide also had benefit effects than risedronate in serum bone markers, including P1NP, CTx, and iPTH. The incidence of adverse events was comparable between the 2 drugs. This meta-analysis suggested that teriparatide was associated with significantly greater increases in lumbar spine, femoral neck, and total hip BMD as compared with risedronate. Moreover, subgroup analysis also indicated the effects of teriparatide in lumbar spine and femoral neck BMD when it was administrated for 6-,12-, and 18-month. Our findings were in consistent with the previously published studies. [24, 27, 29] Hadji P, et al [24] performed an 18-month randomized, double-blind, double-dummy trial in postmenopausal women who had osteoporosis vertebral fractures. At the treatment of 18 months, patients in teriparatide group achieved greatly increased BMD in lumbar spine (7.8 ± 0.5% vs 2.63 ± 0.5%, P < .001) and femoral neck (2.11 ± 9.4% vs 0.77 ± 0.4%, P = .02) than those in teriparatide group. [24] Moreover, the percentage change in total hip BMD was greater in teriparatide group (2.05 ± 0.4%) than in risedronate group (0.83 ± 0.5%). [24] Similar results were reported by Gluer CC et al, [27] who carried out a randomized, open-label trial in glucocorticoid-induced osteoporosis men. In that study, the authors demonstrated a greater increase in lumbar spine BMD in teriparatide-treated patients (16.3 ± 4.2%) than in risedronate-treated patients (3.8 ± 4.1%) after 18 months of treatment. [27] Contrary to the positive results, Anastasilakis AD et al [25] found that the change in lumbar spine BMD was not significant difference between teriparatide and risedronate groups in women who had postmenopausal osteoporosis. In that study, 44 patients were enrolled for the treatment of teriparatide (n = 22) or risedronate (n = 22). At the 12 months, both groups showed increased percentage in lumbar spine BMD (teriparatide: 0.809 ± 0.020 g/cm 2 , risedronate: 0.782 ± 0.020 g/cm 2 ), but the difference between them was not significant (P = .075). [25] The authors thought that their negative results could be explained by the following possible reasons:
(1) The measurement of BMD by dual-energy X-ray absorptiometry is more obvious at 18 months rather than at 12 months; [5, 31] thus, the difference might not be detected at the 12 months; (2) The sample size in the 2 groups was not large enough to detect the statistical difference.
There were several published studies reporting that teriparatide and risedronate significantly reduced the risk of fracture, [24, 26, [28] [29] [30] and their results were in consistent with ours. Kendler, D.L et al [26] found that the incidence of clinical fracture was significantly lower in teriparatide group (4.8%) than in risedronate group (9.8%) (hazard ratio = 0.48, 95%CI: 0.32, 0.74; P = .009). Moreover, there were fewer patients in in teriparatide group (4.0%) than in risedronate group (6.1%) that developed non-vertebral fractures. [26] There have been 2 studies suggested that, teriparatide is associated with a transient decrease in BMD at cortical-rich skeletal sites, when it is used in patients who have long-term treatment of anti-resorptive drugs. [32, 33] Thus, some researchers hypothesized that this process might reduce the bone strength, predisposing patients to fractures. [34] However, this hypothesis was not supported by some studies which used teriparatide or risedronate in non-vertebral fractures. [26, 35, 36] Kendler DL [26] and McClung MR [36] reported that, risedronate reduced nonvertebral fractures by 59% as compared with placebo, and hip fracture by 60% in postmenopausal women after 3 years of treatment. [26, 36] In the present study, our findings suggested that teriparatide was associated with a 37% reduction (RR = 0.63, 95%CI: 0.40, 0.98; P = .042) in non-vertebral fractures and 55% reduction (RR = 0.45, 95%CI: 0.32, 0.63; P < .001) in new vertebral fractures, which supported the effect of teriparatide in decreasing the risk of fractures. The safety profiles of teriparatide versus risedronate in this study were in consistent with the previous studies, with similar incidence of adverse events between the 2 treatments. The most common reported adverse events associated with teriparatide were dizziness, hypercalcemia, hyperuricemia, and hypomagnesaemia. Malouf-Sierra, J et al [28] showed that patients treated with teriparatide had a significant increase in hyperuricemia at 6 weeks (15.9%) and hypercalcemia at 26 weeks (12.9%) as compared with those with risedronate. [28] The most common adverse event leading to discontinuation was nausea. Kendler, [26] reported that 22 patients died during the study, however, all of them were considered unrelated to the study drug. Several potential limitations in this meta-analysis should be considered when interpreting our results. First, there were substantial heterogeneity among the included studies for several outcomes, such as the percentage change in BMD of lumbar spine, femoral neck, and total hip. Although we conducted sensitivity analysis and subgroup analysis to explore the potential sources of heterogeneity, no useful information was identified. For some other factors, such as patient characteristics (age, gender, history of fragility fracture, and prior anti-resorptive treatment), and study design, these factors may increase the heterogeneity and affect the results. Second, among the included studies, 2 studies had a relatively small sample size (n < 50). It was reported that studies with small sample size were more likely to overestimate the treatment effect as compared with larger trials. Thus, interpreting our results should be caution, especially in these outcomes that involved small sample studies.
In summary, the current meta-analysis suggests that teriparatide may be superior to risedronate in osteoporosis since it increased the BMD of lumbar spine, femoral neck, and total hip, as well as reduced the risk of new clinical fractures. Moreover, the incidence of adverse events was comparable between the 2 drugs. Considering the potential limitations in this meta-analysis, more large-scale, well-performed RCTs are needed to verify our findings.
